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PREFACE 


This monograph, one of a special series on the Soviet space 
research program, presents intelligence on Soviet efforts in space 
biology and astrobiology. Space biology concerns the effects of 
environmental conditions in space and within artificial satellites 
in space on the activities of terrestrial organisms.. Astrobiology 
is concerned with the existence and nature of living organisms 
on planets other than earth. Soviet space biology research with 
mammals is covered in Monograph IX, “Space Medicine.” 

Before their first extensive manned space flight, the Soviets 
must solve the problems' associated with the effects of space 
enviroxunental factors on man and other organisnu. Space 
biology research provides means to discover and perfect biologi¬ 
cal methods of supporting human life in space vehicles. For 
long-term space flights, a closed biological system of oxygen 
regeneration, waste-product disposal, and food production would 
have definite advantages over other conceivable s]rstems be¬ 
cause of space and weight considerations. Consequenthr, the 
solution of the space biology problems associated 'with a closed 
biological system would Increase the feasibility of space flights 
of long duration. Any such system would be tested in com¬ 
paratively short-duration flights, but short-duration manned 
space flights are not dependent on the prior perfection of such 
systems. 

Research in astrobiology, as is evident from the definition,. 
bears little direct relationship to space flight research. Astro- 
biologists seek definite determinations concerning the nature 
of organisms on planets other than earth as aids in prepai^g 
programs for exjdoration of the planets. 

No detailed scientific data on Soviet space biology research 
were discovered in the literature, probably because such work 
is classified. Hence, Soviet ra<Uo and press releases concerning 
space biology have been considered as indicative of Soviet intent 
and status, and Soviet fundamental biological research has be^ 
examined for evidence of capability in the space biology field. 

This monograph, one of 12 (listed below) on the Soviet space 
research program, considers data obtained through 1 April 1959. 
Monographs II through Xn are designed to support the con¬ 
clusions found in Monograph I, which ^1 be an overall evalua¬ 
tion of significant Soviet space research capabilities. Mono¬ 
graph I will be published last. 
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THE SOVIET SPACE RESEARCH PROGRAM 
MONOGRAPH X 

SPACE BIOLOGY AND ASTROBIOLOGY 


SUAAAAARY AND CONCLUSIONS 

In the biological fields pertaining to the it is believed that such a closed system will 


space research program of the USSR, Soviet 
research in space biology closely parallels 
U.S. work and probably will have become 
sufficiently advanced to support extended 
manned space flight by the time such support 
is needed; on the other hand, Soviet research 
in astrobiology, although unique, will have 
little 'or no influence on the initial space 
flight research program of the USSR and 
thus far has added nothing of value to it. 

In space biology research, the USSR prob¬ 
ably will develop a partially balanced closed 
biological system of environment for t^tro- 
nauts * in a relatively short period of time, 
with primary emphasis of the research being 
placed on the carbon dioxide-oxygen ex¬ 
change capacity of organisms. The Soviets 
have sufficient knowledge of the activities of 
organisms potentially useful under given 
environmental conditions (variations in tem¬ 
perature, light, radiation, and so forth) to 
enable them to specify the optimum condi¬ 
tions for maximum activity of the organisms. 
This recorded knowledge does not cover the 
effects of weightlessness on the organisms. 
Soviet research has centered on the search 
for a single organism that would be effective 
in balancing man in a biological system; but 

'Closed biological system—the conversion of 
waste products to food and oxygen via biological 
organisms. 


r^uire a multiple number of organisms to 
effect a balance with man. 

No algae known to have been tested by the 
Soviets can serve as a sole source of food, yet 
the type tested could serve as the primary 
source with the deficient food elements being 
supplied by supplemental materials. The So¬ 
viets probably have made sufficient prc^ess 
in research on an oxygen regeneration system 
to ensure the future successful use of algae 
for such purposes on loxig flights. 

Human waste-disposal problems, although 
important to the closed biological system, 
have received little emphasis. No Soviet re¬ 
ports have been found that deal with the use 
of organisms for converting human waste 
products — other than carbon dioxide — into 
' materials useful in a metabolic closed system. 
The complete reutilization of waste products 
probably will not be accomplished by the So¬ 
viets in their first system to be used under 
space flight conditions. 

Scientific personnel ue sufficient in num¬ 
ber and competence and their facilities are 
well equipped enough to enable the Soviets to 
conduct space biology research of high quality. 
There are indications that both scientists and 
facilities in this field have been marshaled for 
such research. Furthermore, space biology 
research probably is being conducted by the 
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laboratories of the Astrobiological Sector of 
the Kazakh Academy of Science at Alma-Ata, 
by the Laboratory of Physiology of Circulation 
of the Blood and of Respiration of the 
Bogomolets Physiology Institute at Kiev, by 
the Biophysics Institute of the Academy of 
Sciences, USSR, and by the Lesgafts Institute 
of Medical Science of the Academy of Peda¬ 
gogical Sciences at Leningrad. 

Soviet astrobiological research has not pro¬ 
vided any conclusive evidence on the existence 
or nature of life on planets other than earth. 
Soviet astrobiological researchers have used 
terrestrial research with plants under extreme 
climatic conditions as a base and have at¬ 
tempted to translate the research results to 
dissimilar climatic conditions foimd on other 
planets of the solar system. In these trans¬ 
lations of results, the existing differences be¬ 
tween the terrestrial and the planetary en¬ 


vironmental conditions are usually not taken 
fully into account. Also, this Soviet method 
of analysis assumes tiiat life on other planets . 
is basically identical to that on earth and 
discounts almost all possibilities of inde¬ 
pendent origin and evolution of life on other 
planets. Although the quality of terrestrial 
biological research by the Soviet ^lstrobi- 
ologists is good and has considerably strength¬ 
ened man’s understanding of the presence 
and nature of terrestHal organisms under 
extreme terrestrial climatic conditions, their 
translation of results to the conditions known 
to exist on other planets is so fully based on 
conj^ture, supposition, and unproven (and 
at the present time unprovable) h 3 rpotheses 
that their reports concerning life on other 
planets must be considered as purely conjec¬ 
tural. It is believed that research in this area 
has been deemphasized and curtailed in the 
USSR 


DISCUSSION 


INTRODUCTION 

The cunrent status of Soviet space biology 
research cannot be definitely ascertained, but 
such research apparently began quite re¬ 
cently. A. O. Karpenko of the Interagency 
Conunission on Interplanetary Communica¬ 
tions (ICIC) stated in 1956 that “biologists 
should have begim their research on the prob¬ 
lem ... 5 years ago.” “ Not until 1958 were 
O. A. Tikhov (Director of the astrobiological 
laboratories of the Kazakh Academy of Sci¬ 
ences) and his coworkers transferred from 
astrobiological research to space biology re¬ 
search.^* Nevertheless, the Soviets have made 
rapid progress in raising their algal research 
from its comparatively low position of 6 to 8 
years ago and may now be closer to a solution 
of the closed system problem for space flight 
than is the West.^ This evaluation of the rate 
of acceleration and the possible present Soviet 
position is based on the quality of the recently 
published Soviet reports, and the ease with 
which their good biological research facilities 
and manpower can.be adapted to space biology 
research. 


SPACE BIOLOGY 

Organisms as Oxygen Regeneration Agents 

Many Soviet and Western authors have 
suggested that living unicellular algae be uti¬ 
lized as a food source for space vehicle inhab¬ 
itants and as the biolc^cal agent in an 
oxygen regeneration system.*** Yet pub¬ 
lished Soviet work on the culture of £dgae un¬ 
der rigidly controlled environmental condi¬ 
tions has been limited. The mass of Soviet 
work with these organisms has been designed 
to give information on their use in uxunodi- 
fied environments (ponds, reservoirs, etc.) as 
a direct or indirect food source for fish, but 
some of the published Soviet research with 
algae does have a direct application to space 
biology research. 

A. D. Seryapin, chairman of the Scientific- 
Technological Committee on Biology of Space 
Flight, has stated that 1 square meter of sur¬ 
face of leaf of a gourd illiuninated by the sun 
produces the amount of oxygen required by 
two men doing moderate work, and that 1 
square meter of surface of algae manufac- 
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in tures an amount of oxygen sufficient for one 

id xnan.* Also, a broadcsist from Moscow on 4 

ts . October 1958 describing the work of the 
d Bogomolets Physiology Institute, Kiev, stated, 

i- “It has been established that about 200 liters 

IT of algae can be grown in a rocket—enough 

il to cover the nutritional requirements for one 

i- man for 6 months. These plants will not only 

supply food for the space travelers but also 
e reoxygenate &e atmosphere within the space 

r vehicle. ChUnreUa (a unicellular alga), for 

r instance, in 1 hour emanates a volume of oxy- 

1 gen 50 times its own volume.” ^ 

I Radio and news releases indicate that the 

Soviets possess considerable knowledge on 
I oxygen regeneration agents. For example, 

the 200 liters of algae stipulated by the work 
at the Bogomolets Physiology Institute as be¬ 
ll^ necessary to cover the requirements of 
one tzian compares quite favorably with the 
volume of algal suspension calculated as es¬ 
sential for a one man closed ecological system 
by a leading United States scientist.* 

Organisms as Food Sources on Space Vehicles 

Soviet reports have suggested the use of 
algae as a food source for space flight, but, 
contrary to Western literature, none of their 
papers indicate that the algae might not be 
satisfactory as a complete food.* **’’ The So¬ 
viets have made detailed analyses of the com¬ 
position of algae, so they probably realize 
that algae cannot be used as a sole food source. 
In addition, very complete studies have been 
reported in the open Western literature con¬ 
cerning the use of algae as food sources, so 
these data are available to the Soviets.. (See 
appendix.) 

Soviet scientists have studied the altera¬ 
tion of carbohydrate, protein, and lipid con¬ 
centrations in algae by variation of the nitro¬ 
gen content of the mineral nutrient culture 
solution. The concentrations of these end 
products are readily adjusted and maintained 
at predetermined levels (within specified 
limits). The ranges obtainable (calculated as 
percentage of dry weight of the algae) are; 
carbohydrates, 5.7 to 37.5 percent; lipids, 18 to 
85 percent; and proteins, 9 to 50 percent. Bas¬ 
ically, a low nitrogen content of the nutrient 


solution produces a low-protein and high-lipid 
alga, and a high nitrogen content produces 
a high-protein and low-lipid alga.** The 
ability to adjust and maintain the quantities 
of basic constituents in the algae (protein, 
lipid, and carbohydrate content) is extremely 
important with respect to maintenance of a 
balanced diet for man. 

Under continuous culture with optimum 
conditions for photosynthesis and growth, 
rapid cell division and growth of the cells 
produced by division have been noted by So¬ 
viet scientists. The weight of algae in a cul¬ 
ture often doubles by growth in 16 to 20 hours 
or sometimes even quicker (up to twelve times 
increase in weight in 1 day). However, close 
monitoring of the mass culture device is essen¬ 
tial, as no device can be considered to main¬ 
tain a maximum growth rate without provi- 
sionq for adequate nutrition, light, and tem¬ 
perature. A regimen of daily harvesting and 
replacement of nutrients is essential for op¬ 
timal growth and cell division of the alga 
culture.* • 

Organisms Us^ in Waste-Disposal Systems 

No evidence is available to indicate that the 
Soviets have been working toward develop¬ 
ment of a biological waste-disposal system 
for space v^cles. On tiie other hand, the 
West has not publMied much on this prob¬ 
lem either. (See appendix.) 

Weight and Volume Considerations 

Dr. P. Isakov, a Soviet biologist, has stated 
that in flights of several months or more, it 
would be expedient to utilize plants on the 
space ship to effect gas exchange.^* For 
flights of less than several months, a biologi¬ 
cal gas regeneration system would take more 
space and weight than would a chemical re¬ 
generation system. This statement by Isakov 
is in general agreement with U.S. research on 
the weight and volume taken up by a work¬ 
able biological gas exchange system. 

Effect of Space Flight Environmental Factors 

Soviet scientists, as well as those in the 
West, have conducted much research con¬ 
cerned with the effects of environmental fac- 
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tors on the organisms potentially useful in 
a closed biological system in space. These 
studies have determined optimum, maxi¬ 
mum, and minimum temperature; light in¬ 
tensity; and gas composition for the various 
potentially \iseful organisms. In addition, 
maximum allowable radiation and gravitation 
effects have been determined. (See the ap¬ 
pendix for a discussion of these environmental 
factors.) In general, Soviet research on the 
effects of these environmental factors on uni¬ 
cellular organisms has been less extensive 
than comparable Western research, but it is 
still sufficient to satisfy the requirements 
posed by the development of a closed biological 
system for space travel. 

Research Organization, Manpower, and Facil¬ 
ities 

Organized planning and control of space 
biology research is probably carried on by the 
ICIC, but no definite information on the or¬ 
ganization of research efforts or official {dans 
of the program is known. 

Research personnel studying photosyn¬ 
thesis using algae as test organisms and those 
scientists conducting research on the mass 
culture and physiology of algae can com¬ 
petently conduct research in spedflc areas of 
space biology without imdergoing extensive 
reorientation or training. Microbiologists 
conducting research in the physiology of 
microorganisms and in industrial and resi¬ 
dential sewage disposal are likewise, for the 
most part, qualified to cany out specific 
phases of space biology research. The USSR 
has some highly trained, competent research 
workers in these fields, and it is probable that 
some of these individuals are participating in 
the Soviet space biology research program.^*-^* 

Only minor modifications of many of the 
normal microbiological or photosynthetic re¬ 
search facilities would have to be made be¬ 
fore space biology research could be carried 
out. The facilities have proven adequate for 
Soviet microbiological and photosynthetic re¬ 
search and would prove equally adequate for 
space biology research.**-** Included in the 
Soviet research facilities are controUed-en- 
vironment chambers which would be invalu¬ 
able in space biology studies. 


Other Bloc imd Chinese Support 

Several of the European Satellite countries, 
notably Czechoslovakia and Poland, have in 
the past done some excellent microbiological 
and algal mass culture studies, and the Chi¬ 
nese have recmtly reported on their mass 
algal culture research. These research studies 
on mass culture of algae are concerned with 
the mass production of the organisms for use 
as food supplements and as sources of de¬ 
sirable organic compounds. They are not de¬ 
signed as space biology research projects, but 
the information obtained will be valuable in 
the design of algae cubon dioxide-oxygen ex¬ 
change and food production systems for space 
vehicles. The quantity of these studies hu 
not been great, but the quality of some of the 
research has been high. There is no direct 
evidence to prove involvement of the research 
workers in a Soviet organized space biology 
research program. 

ASTROBIOLOGY 

Scientific observations related to astrobi- 
ology have dealt with the possible existence 
of life, as it is known on earth, under the en¬ 
vironmental conditions thought , to be present 
on planets other than earth. Currently avail¬ 
able evidence does not indicate that results 
of such scientific studies have been published 
by the Soviets, but does Indicate that such 
studies are among the Soviet objectives. Re¬ 
ported Soviet astrobiological research has em¬ 
ployed scientific methods for the collection of 
data but has followed unproven hypotheses 
and conjectures for the Interpretation of these 
data. Most of this research has been con¬ 
ducted by the staff of Tikhov’s astrobiological 
laboratory at Alma-Ata. Considering the 
small size of the group, Tikhov and his co¬ 
workers have conducted a vigorous, fruitful 
program on the absorption and reflection of 
light rays by plants imder varied terrestrial 
environmental conditions.** 

The research concerning the terrestrial 
plants has been competently execute and 
evaluated and has added considerably to an 
rmde'rstanding of the life of plants under ad¬ 
verse terrestrial climatic conditions. Never¬ 
theless, these data have done little to prove 




'Whether living organisms are or are not 
present on Mars as some members of the 
Alma-Ata group claim. The data show that 
plants growing under extreme terrestrial cli¬ 
matic conditions differ in their light absorp¬ 
tion- and reflection capacities from those 
grown under more temperate terrestrial con¬ 
ditions. But, in translating these data so as 
to prove ttie existence of life imder the ex¬ 
treme climatic conditions of Mars, these So¬ 
viet workers either discount or do not take 
into consideration the greatly reduced at¬ 
mospheric pressure and deficient oxygen and 
-water content on Mars. Nor do they consider 
the possibility of a variance in the evolu¬ 
tionary trends of extraterrestrial organisms 
as compared to terrestrial organisms. 

The answer as to whether life is or is not 
present oh Meo:s must await observations from 
a vantage point closer to Mars than the sur¬ 
face of the earth. The hypotheses of the 
Astrobiological Sector of the Kazakh Academy 
of Sciences (which supposedly prove that liv¬ 
ing organisms are present on Mars) use scien¬ 
tific evidence in part but rely heavily on sup¬ 
positions for translation of terrestrial data to 
Martian conditions. The resulting combina¬ 
tion of hypothetical and scientific approaches 
is of questionable validity. 

A more realistic Soviet approach to the 
question of life on Mars was summed up by 
V. O. Fesenkov (Director, Institute of As¬ 
tronomy and Physics, Kazakh Academy of 
Sciences) as follows: 

llie surface of Bifars is smooth; "seas” 
and “continents” do not essentially differ 
from each other; they are similarly covered 
with dust. “Seas” [of Mars] get warm to 
a greater degree, that is they , behave like 
a surface covered with mineral substances. 
There is no oxygen in the atmosphere of 
Mars. There is only an insignificant 
amount of water; if one imagined it to be 
a layer spread out over the whole surface of 
Mars, then the thickness of this layer would 
equal 0.1 millimeter. The hypothesis about 
plant life on Mars is one-sided, because it 
explains the appearance of periodic color¬ 
ing of “seas” only after the analogy of ter¬ 
restrial vegetation. A volcanic hypothesis 


can explain a greater nxunber of observed 
facts, although it too presents many dif¬ 
ficulties. . . . From the cosmic point of 
view, the surface of Mars, both in the past 
and in the future, in regards to conditions 
of life, can be likened to a plateau on earth 
18-20 kilometers high with an absolute ab¬ 
sence of oxygen and water. It would be 
strange to assume an origination of life un¬ 
der such conditions at the present time, and 
in the remote past also life on Mars could 
not ha-ve originated because the conditions 
of en-vlronment were the same as now.^* 

As a result of a 1956 Soviet conference con¬ 
cerning the existence of life on other planets, 
a Scientific Council was elected, charged with 
coordination of scientific research on the prob¬ 
lem of prognostication of conditions of life 
on other planets, and further charged with 
the development of a Five-Year Flan for sci¬ 
entific research in this field. In addition, the 
conference approved a Five-Year Plan lor 
“astrobiological” research by the Institute of 
Biophysics of the USSR which included four 
basic subjects: (i) studies of spectral charac¬ 
teristics of terrestrial plants under extreme 
conditions of existence and their comparison 
with corresponding data of astrophysicists 
and astrobiologists; (11) laboratory experi¬ 
ments with plants under conditions imitating 
planetary environmental conditions; (ill) 
selection of terrestrial forms of plants that 
grow satisfactorily under extreme conditions; 
(iv) study of the peculiarities of photosyn¬ 
thesis under conditions found on Venus and 
Mars and analysis of conditions for the origin 
of life on. those planets in connection with 
data about the history of life on earth.^* 

Results of portions of this Five-Year Plan 
of the Biophysics Institute can be of value- 
in determining whether terrestrial organisms 
can bxlst under extraterrestrial planetary 
conditions and can allow development of hy¬ 
potheses concerning the possibility of the 
existence of earth-type life on those planets 
at the present time. The planned research 
will not lead to proof of the validity of tiie 
developed hypotheses. 

In January 1958, Tikhov received Instruc¬ 
tions from the Soviet Academy of Sciences to 
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turn the full resources of his institute to 
studies of the “biology of Sputniks and space 
flight” and the establishment of laboratories 
that will “support human beings in Sputniks.” 
The total professional staff of Tikhov's lab¬ 
oratory was five people; with the reorienta¬ 
tion of research duties, the staff was increased 
to 20 people.^* During August and September 
1958, Tikhov indicated a deemphasis of astro- 
biological research in the USSR. 

Even at the 1956 conference concerning life 
on other planets, some individuals requested 


that space biology research rather than that 
described and deflned above as astrobiological 
research should be undertaken without delay 
in the Soviet Union. A. G. Karpenko of the 
ICIC stated, “This [lack of space biological 
information] obliges us to conduct a careful 
preparation on a wide scale for the forthcom¬ 
ing flights to other planets. Biologists should 
have begun their research on the problems 
under consideration flve years ago, yet they 
appear to be unprepared even for the future 
launching of artificial satellites.” 
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APPENDjX 

SCIENTIFIC BACKGROUND 


INTRODUCTION 

Research in space biol(^ consists basically 
of studies in four areas, namely, (i) replace¬ 
ment of respiratory carbon dioxide in a space 
vehicle atmosphere with photosynthetically 
produced oxygen, (ii) continuous production 
of food for the vehicle occupants, (iii) dis¬ 
posal of solid, liquid, and gaseous human 
waste products tmd utilization of these altered 
products in Qie dosed biological cycle, and 
(iv) studies of the effects of space flight en¬ 
vironmental factors on organisms potentially 
useful in a closed cyde system. 

Myers, in 1954, sxuiunarized the closed cycle 
system for space vehicle as follows: 

It is an idea which suggests that we re¬ 
construct in a small space the same balance 
lor oxygen-carbon dioxide accomplished by 
the entire biological world. If this could be 
done completely, it would duplicate the bal¬ 
ance in the total biological world in which 
foods, exchange of gases, and excreta be¬ 
come balanced by the action of many or¬ 
ganisms into a materially closed system 
driven by high energy input alone.’’ 

ORGANISMS AS OXYGEN REGENERATION 
AGENTS 

Data pertaining to this problem has been 
developed in photosynthesis and alg^ mass 
culture studies over a period of many years. 
The data have been published in the world’s 
biological Journals and are readily available 
to research workers. Research in this area 
has shown that unicellular algae have a 
greater photosynthetic efflclency than other 
p^nts tested. Recent studies have produced 
strains of algae with exceedingly high carbon 
dioxide-oxygen exchange capacities.* > 

In 1954, Myers published the following in¬ 
formation concerning the closed one-man 


ecological system using the algae Chlorella 
pyrenoidosa: 

1. A conservative estimate is made that 
2.3 kil(%rams of Chlorella will supply suffi¬ 
cient gas exchange capacity for one man. 

2. A concentration of 10 grams of algae 
per liter of solution will absorb 97 percent 
of the incident light at a solution thickness 
of 0.4 centimeter; if illuminated from both 
sides, the thickness of the culture could be 
1 centimeter. 

3. Therefore, the 2.3 kUograms of algae 
diluted to a 10 percent concentration in a 
layer 1 centimeter thick for efflcient use of 
light, would require a lighted surface area 
of 230,000 square centimeters or 240 square 
feet. 

ORGANISMS AS FOOD SOURCES 
ON SPACE VEHICLES 

Unicellular organisms grown in mass cul¬ 
ture systems have been suggested as high- 
yield, high-quality food sources. In a limited 
number of cases, actual use of such organ¬ 
isms has been made, but primarily as a sup¬ 
plement to an otherwise protein- or vitamin- 
deflcient diet. Algae have been suggested as 
a potentially valuable sole food source for use 
in space flight. Experimentation, however, 
has shown that algae are deficient in specific 
amino acids and vitamins, primarily the 
amino acids cystine and methionine* and 
several vitamins, especially vitamin D. A 
surprising consistency in the amino-acid and 
vitamin content has been found in all algae 
analyzed. Animal experiments indicate that 
supplemental feeding of the deficient amino 
acids and vitamins allows normal growth and 
metabolism on an algal diet.® • “ “ 

'Methionine is one of the eight amino acids 
which cannot be synthesized in the human body 
and, therefore, must be supplied in food. Cystine 
can be synthesised in the human body but methi¬ 
onine is needed to supply sulphur for the synthesis. 
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ORGANISMS USED IN WASTE-DISPOSAL 
SYSTEMS 

Much of the space biology work on closed 
cycle biological systems has concentrated on 
employment of a single organism to satisfy 
all requirements. Algae have been the pri¬ 
mary subject of research because of their ex¬ 
treme activity in oxygen regeneration and 
their rapid increase in edible mass. Yet only 
a portion of the unprocessed human excreta 
could be used in a closed algal system, and 
unprocessed excreta would satisfy only part 
of the mineral nutrient requirements of al¬ 
gae. The remainder of the excreta must be 
converted by microbiological or chemical 
methods into substances usable in a closed 
system cycle. 

As indicated, attention has been directed 
toward development of a closed qrcle biologi¬ 
cal system using only algae to balimce man’s 
metabolism. Evidence currently available in¬ 
dicates that a multiorganism system must be 
developed to balance the ixietabollsm of human 
space-vehicle occupants, since no single or¬ 
ganism which has been tested can completely 
produce metabolic balance for man in a closed 
cycle. Considerable data is available in the 
open literature that will aid in solving the 
waste-product disposal problems but, as far 
as can be determined in this survey, a work¬ 
able waste-disposal system has not been de¬ 
signed which will return all, or even almost 
all, waste products into the metabolism 
cycle.*»u «*• 

EFFEa OF SPACE FLIGHT ENVIRONAfiENTAL 
FACTORS 

Scientists have conducted many studies 
concerning the effects of temperature; l^ht 
intensity; irradiation with X-, alpha-, beta-, 
and gamma-rays; centrifugation; and changes 
in gas composition on organisms which might 
be useful in a closed biological system for 
space flight. 

Temperature Effects 

In general, the microorganisms which 
might be useful in a closed system have a 
wide range of temperatures at which their 
effectiveness is optimal. The optimal tem¬ 


perature rwge varies with the species of or¬ 
ganisms but falls within the range nonbally. 
considered as optimal for hmnan activity. 
Information pertaining to these temperature 
ranges is conunon knowledge in the scientific 
commtmity. 

Light Intensity 

The photosynthetically active microorgan¬ 
isms potentially useful in a closed system vary 
as to theio light intensity, quality, and dura¬ 
tion requirements for optimal photosynthetic 
activity. Data on these requirements also 
have been developed over a period of yean 
and are known fully to the scientific com¬ 
munity. 

Strains of algae have been tested that have a 
h^her growth rate and a greater photosyn- 
thetic rate than the commonly employed re¬ 
search strains of Chiordla and Scenedesmm, 
but new problems are introduced through the 
use of some of these high-yield strains. For 
example, the Sorokin high-temperature strain 
has a lower photosynthetic rate at low tem¬ 
peratures and light intensities than does 
the normal research strains of ChloreUa and 
Scenedesmus. ** Consequently, both light in¬ 
tensity and temperature must be maintained 
within comparatively narrow limits in any 
device utilizing this strain of alga for gas ex¬ 
change or food purposes. 

Irradiation Effects 

The treatment of microorganisms with X- 
rays, alpha-rays, beta-rays, gamma-rays, and, 
to an extent, ultraviolet-rays has been shown 
in Soviet and Western research to be pri¬ 
marily lethal. Presumably a comparable ef¬ 
fect, but of different intensity, would be ob¬ 
tained with cosmic fays. The death of some 
cells in a culture of microorganisms does not, 
however, result in death of the total culture. 
Consequently, unless it were sufficiently ih- 
tense to induce death of all the cells, irradi¬ 
ation would reduce but not stop the activity 
of a microorganism culture. The reduction 
in activity would be proportional to the per¬ 
cent of organisms killed or inactivated, but 
the growth rate of the remaining undamaged 
cells would soon bring the microorganism 
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population back up to the optimal concentra¬ 
tion. Radiation-induced mutations m^'ht be 
produced ixi the utilized organisms. These 
mutations would be primarily lethal and 
would result in. death of the irradiated cells 
or their progeny. The few nonlethal muta¬ 
tions might po^bly lead to an ultimate de¬ 
crease in the efficiency of the bidogical sys¬ 
tem, but it is not believed that a significant 
reduction is likely. 

Centrifugation 

Microorganisms have been subjected to 
many hundreds of times the force of gravity 
in centrifugation, and on reculturing have 
shown no decrease in vital activity. Hence, 
the limiting factor for manned space flight, 
as far as acceleration rates are concerned, 
will be man or equipment rather than the 
microorganisms used in any closed system. 
The effect of weightlessness on the active or¬ 
ganisms potentially useful in a closed biologi¬ 


cal system has not been determined, but it is 
believed that this factor will not have any 
harmful influence on the organisms suggested 
for use. 

Gas Composition 

No literature has been found pertaining to 
the activity of organisms in the helium-oxygen 
atmosphere suggested by some scientists. It 
is not believed that this modification would 
alter the activity of any of the organisms 
potentially useful in a closed system. On the 
other hand, any great reduction in oxygen 
concentration would Induce anaerobic respira¬ 
tion and result in alcohol production in most 
of the potentially riseful organisms (includ¬ 
ing the photoaynthetically active organism 
ChlorOla). Maintenance of the oxygen con¬ 
ditions necessary for the survl^ man will 
preclude the possibilities of such a respiration 
effect on the microorganisms in a maimed 
space vehicle. 


ih X- 
and, 
hown 

! pri- 
le ef- 
e ob- 
some 
mot, 
tture. 
y In- 
radi- 
iivlty 
ction 
per- 
but 
aged 
nism 



UNCLASSIFIED REFERENCES 


1. Conversation with R. W. Krauss, Department of 
Botany, University of Maryland, 12 Feb 59, U 

2. Ingram, W. T. Lecture entitled “Exploratory 
Researdhi on the Theoretical Considerations of 
Waste Water Cycles in a Closed Ecological Sys¬ 
tem,** Presented at the 125th AAAS Meeting, 
Dec 58, Washington, D. C., U 

3. FBI8« “Algae May Provide Oxygen, Food in 
Space,** Daily Report no 11, 16 Jun 58, p cc 4-5, 

- OFF U S B - 

4. Balakhovsldy, I. S., and V. B. Malkin. **Biolo^- 
cal Problems of Interplanetary FUghts,** Priroaa, 
Aug 56, U 

5. Myers, Jack. **Basic Remarks on the Use of 
Plants as Biolo^cal Oas Exchangers in a Closed 
System,** Av, Afed., v 24, no 4, 1954, p 407-^11, 
U 

6. Seryapin, A. D. ‘*On the Way to the Stars,** 
Chapter 3, E. J. Krieger, Behind the Sputniks, 
Pubue Affairs Press, Washington, D. C., 1958, U 

7. UK. Summarp o/ World Broadcasts, **Bogomo- 
lets Physiology Institute, Kiev,** Parc 1, no 974, 
17 Oct 58, The USSR, U 

8. Krauss, R. W. *Thysiology of the Fresh Water 
Algae,** Ann, Rev, of Plant Physiology, v 9, 1958, 

* p 207-244, U 

9. Baslavskaya, 8. 8. “Study of the Photosynthe¬ 
sis of Algae/ Vestnik Moskovskogo Universiteta, 
Ser, Biol, Pochvoved,,, Oeol., Oeog,, v 12, no l, 
1957, p 97-104, U 

10. Isakov, P. “Life in Sputniks,'* Sotdef Writings 
on Barth Satellites and Space Travel, 1958, The 
Citadel Press, New York, U 

11. Pine, B. W. Lecture entitled “Closed Ecological 
Sub-Systems: Some Practical Application Prob¬ 
lems in Manned Space Flight/^ presented at the 
mth AAAS Meeting, Dec 58, Washington, D. C., 

12. CIA. SI 20-59, Photosynthesis Research in the 
USSR, 18 May 59, OFF US E " " 

14. CXA. SI 19-59. Soviet Microbiological Research 
Utilizing Radiation and Ultra-fionic Techniques, 
15 May 59, U S B 


16. Suvorov. N, I. “Conference on the Problem of 
Prognostication of Conditions of Life on Other 
Planets,** Academy of Sciences of the Kazakh 

' SSR, Vestnik, v 13, no 2, Feb 57, p 63-70, U 

17. Fulton, J. b. Lecture entitled “Survival of Ter¬ 
restrial Microorganisms Under Simulated Mar¬ 
tian Environmental Conditions, presented at 
the 125th AAAS Meeting, Dec 58, Washington. 
D. C. (Partial text available from School of 
Aviation Medicine, U6AF, Randolph Air Force 
Base. Texas, under the title “Survival of Ter¬ 
restrial Microorganisms Under Simulated Mar- 
Uan Ck>nditions?*), U 

18. Tikhov, O. A. Astrohotany, Academy of Sciences 
of the Kazakh SSR, Scientific-Popular Series, 
Alma-Ata, 1949, U 

19. Burlew, J. E., ed. Algae Culture: From Lab¬ 
oratory to Pilot Plant, Carnegie Institution of 
Washington, D. C., 1953, U 

20. Tamiya, H. “Mass Culture of Algae,’* Ann, Rev. 
of Plant Physiology, v 8,1957, p 309-334, U 

21. Sorokin, C. Lecture entitled “The Growth and 
Physiology of High Temperature Algae,*’ pre¬ 
sented at the 125th AAAS Meeting, Dec 58, 
Washington, D. C., U 

22. Fowden, L. “A Comparison of the Composition 
of Some Algal Proteins,** Ann. Botany (Lon¬ 
don) , V 18, 1954, p 257-266, U 

23. Combs, G. F, “Algae iChlorella) as a Source 
of Nutrients for the Chick,” Science, 116, 1952, 
p 453-454, U 

24. Fowden, L. “The Effect of Age on the Bulk 
Protein Composition of Chloreua vulgaris,** Bio- 
chem. J., V 52, 1952, p 310-314, U 

25. Brown, F. F. J. Cuthbertson, and G. E. Fogg. 
“Vitamin B^j Activity of Chlorella vulgaris Beil, 
and Anabaena cyUndrica Lemm.,'* Nature, v 177, 
1956, p 188, U 

26. Gaume, J. G. “Plants as a Means of Balancing 
a Closed Ecolojdcal System,” J. of Astronautics, 
V 4, whiter 195^, p 7i.75, U 




11 





